Clostridiumperfringens enterotoxin, when inoculated into the ligated intestinal loop of mice, caused marked distension due to fluid accumulation. The increase in weight of the intestinal loop was proportional to the log dose of enterotoxin within a range from 1 to 16 jig. The fluid accumulation was arrested by washing the loop with saline or by injection of the specific anti-enterotoxin serum into the loop 5 or even 30 min after inoculation of the enterotoxin. A significant increase in weight of the loop was found as early as 10 min after inoculation of the toxin. These results may suggest that enterotoxin is neither bound firmly to the mucosal membrane nor permeates into the cells of the intestinal wall. The mouse intestinal loop test is economical, simple to perform, and applicable for quantitative determination of the enteropathogenic activity of C. perfringens enterotoxin.
Clostridiumperfringens enterotoxin, when inoculated into the ligated intestinal loop of mice, caused marked distension due to fluid accumulation. The increase in weight of the intestinal loop was proportional to the log dose of enterotoxin within a range from 1 to 16 jig. The fluid accumulation was arrested by washing the loop with saline or by injection of the specific anti-enterotoxin serum into the loop 5 or even 30 min after inoculation of the enterotoxin. A significant increase in weight of the loop was found as early as 10 min after inoculation of the toxin. These results may suggest that enterotoxin is neither bound firmly to the mucosal membrane nor permeates into the cells of the intestinal wall. The mouse intestinal loop test is economical, simple to perform, and applicable for quantitative determination of the enteropathogenic activity of C. perfringens enterotoxin.
Certain strains of Clostridium perfringens cause food poisoning in humans. Several methods have been developed for purifying C. perfringens enterotoxin from extracts ofsporulating cultures of type A (5, 6, 16, 20) and C (18) strains, and its biological activity has been characterized. The enterotoxin is the primary agent of diarrhea in C. perfringens food poisoning (4) . The enterotoxin produced by sporulating cells acts on the mucous membrane of the intestinal tract and alters the water transportation mechanism across the intestinal wall (10) . Little is known, however, about the exact site of action of enterotoxin and the mechanism involved in diarrhea.
Several methods are available to detect the biological activity; however, it seems important to develop a more sensitive and quantitative assay method to study the enteropathogenicity of the enterotoxin. The purposes of the present studies were to characterize the response of the ligated intestines of mice to C. perfringens enterotoxin and to demonstrate its usefulness as a convenient technique for further studies.
MATERIALS AND METHODS
Purification of enterotoxin. C. perfringens type A enterotoxin was purified from the extract of sonically disrupted sporulating cells of strain NCTC 8798 grown for 8 h in Duncan-Strong medium (1) by the method described previously (16 anesthesia, and the abdomen was reopened. The individual loops were excised and put in a petri dish containing filter paper dipped in saline. Each loop was hung on a fixed clip and stretched by putting another clip weighing 2 g on the other end of the loop. Then, each loop was measured in length and weight. The weight/length ratio (milligrams/centimeter) or the net increase in weight of the loop (milligrams) was used to express the intensity of the reaction.
RESULTS
Fluid accumulation in the inoculated loop. The intestinal loops inoculated with enterotoxin were filled with clear fluid and markedly distended after a certain period. A false positive reaction rarely occurred for 4 h after injection of saline. Positive fluid accumulation was easily recognized; however, weighing the intestinal loop gave more objective results.
Effect of length of the loop on fluid accumulation. It was difficult to measure such a small volume of the secreted fluid in the mouse intestinal loop. The response of the intestinal loop to the enterotoxin was expressed, at first, in a weight/length ratio (milligrams/centimeter). The relationship between the length of the loop and the weight/length ratio is shown in Fig. 1 . The enterotoxin-injected loops gave values higher than 60 mg/ml, as compared with those injected with saline that gave values lower than 50 mg/ml. The values of the inoculated loop were dependent on the length of the loop; short loops gave higher values, and longer ones gave lower values. The variance could be minimized by making loops of the same length, but it was impracticable to do so in such a small animal like the mouse. As seen in Fig. 1 , the weight/length ratio seemed to be inversely proportional to the length of the loop. Therefore, injected, respectively) when the lengths of loops were between 2.5 and 9 cm. However, shorter loops tended to give smaller F values than this range, and longer ones gave irregular values upon inoculation of 20 ,ug of enterotoxin (Fig.  2B) . The values were fairly constant when the lengths of loops were between 2.5 and 9 cm ( Fig.  2A and B) . Thus, calculations by the above formula gave least variance to quantify the fluid accumulated in the loops.
Fluid accumulation in different regions of the small intestine. pylorus gained and retained more weight than those made in lower regions of the intestine. The weight/length ratios of control loops injected with saline differed from 35 to 50 mg/cm, depending upon the individual animal, but it was nearly constant in loops in the same animal if loops were made in the region between 6 and 18 cm from the pylorus. Therefore, three of four loops made in the region of the intestine between 6 and 18 cm from the pylorus were injected with enterotoxin of the same dose, and the fourth was injected with saline. The mean of the values obtained with the three loops was used to express the enterotoxic activity in subsequent experiments.
Time course of fluid accumulation. The time course of fluid accumulation in response to 10 ,ug of enterotoxin is shown in Fig. 4 . accumulation was maximum in 60 min after inoculation of enterotoxin, but variation in the values was the least in 90 min. The period of 90 min seemed to be the most suitable for determination of fluid accumulation and was used in the following experiments.
Dose response. The increase in weight of the inoculated loop was almost proportional in response to log dose of enterotoxin ranging from 1 to 16 ,ug as shown in Fig. 5 .' The total fluid accumulated in three loops was 900 mg per mouse as a result of injection of 16 ,ug or more of enterotoxin into each loop, which may be the maximum amount of the body fluid that can be secreted.
Antiserum prepared against C. perfringens enterotoxin neutralized the enteropathogenic activity ofthe toxin (Fig. 6) . The inhibitory activity was dependent on the concentration of the antiserum used. Normal rabbit serum did not decrease the response to enterotoxin. with sterile filtrate of C. perfringens culture by some workers (13, 17) , whereas others (23) Effect of washing the lumen and of injection of antibody into the loop after injection of enterotoxin. To study the mode of action of C. perfringens enterotoxin, attempts were made to remove the inoculated enterotoxin by washing the intestinal lumen. A ligated loop was inoculated with 0.1 ml containing 16 ,ug of enterotoxin. The luminal fluid was taken out, and the lumen was washed with 0.6 ml of saline with a syringe. To the washed loop, saline was added to the equal volume of the fluid that had been withdrawn. The fluid accumulation was markedly arrested by washing 5 or even 30 min after inoculation of enterotoxin (Fig. 7) .
The concentrated specific antibody (0.1 ml of the immunoglobulin G fraction) that had a potency of neutralizing 20 ,Lg of enterotoxin was injected into the ligated loop 5 or 30 min after injection of 8 jig of enterotoxin. The antitoxin given even 30 min after the enterotoxin inoculation stopped fluid accumulation. The already accumulated fluid at the time of antitoxin administration was absorbed back (Fig. 8) . The imnmunoglobulin G fraction of normal rabbit serum did not have such an effect.
Rapidity tion of enterotoxin because a measurable quantity of fluid was accumulated within 10 min. Intestinal loops inoculated with 10 ug of enterotoxin showed maximum fluid accumulation in 90 min, which is in conformative to Hauschild et al. (7) , who stated that the rabbit intestinal loop tests should be read after 90 min rather than after 6 h. Such a rapid response to enterotoxin has also been found in other biological systems, such as the increased skin permeability within 10 to 20 min (12, 19) and mouse lethality within 30 min (16) , whereas the response to cholera enterotoxin occurred after a lag period ranging from 30 min to more than 90 min (2). It is well known that such a long lag period is due to indirect reaction after the stimulation of adenylate cyclase which results in the enhancement of secretion of water.
Washing the lumen of the intestinal loop even after exposure to enterotoxin for a considerable period ceased fluid accumulation. The specific anti-enterotoxin serum also inhibited fluid accumulation in the same way. On the other hand, only 5-min exposure to cholera enterotoxin of perfused rabbit intestinal loop is sufficient for maximum water accumulation (J. T. Goodgame, J. G. Banwell, and T. R. Hendrix, Fed. Proc. 31: 259, 1972). Once the loop is exposed to cholera enterotoxin, specific antibody is unable to check the water accumulation (11), which is due to the fact that cholera enterotoxin is bound specifically to the epithelial cells of the intestine (14) . The present results show that C. perfringens enterotoxin does not bind firmly to the epithelial cells of the intestine but only alters the transportation mechanism of electrolytes and water. The results also indicate that continuous exposure of the lumen to C. perfringens enterotoxin seems necessary for fluid accumulation and its persistence in the intestine. The present findings may explain the transient symptoms of C. perfringens food poisoning in humans.
Several methods have been reported for the determination of biological activity of C. perfringens enterotoxin. The mouse intravenous injection and skin tests are easy to perform and highly sensitive. Yet, the intestinal loop test is valuable to determine the enteropathogenic activity. Rabbit, lamb, calf, and chicken intestines have been shown to be susceptible to C. perfringens cells or enterotoxin. About 6 to 125 ,ug of enterotoxin is required to induce fluid accumulation in these experimental animals, whereas the intestinal loop test in mice can detect C. perfringens enterotoxin quantitatively and in such a small quantity as 1 ,g. 
